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Figure

DirectFET waveform
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Worst Case Scenario
No Heatsink

Amplifier specs: 100W/80

120
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THD+N Data

Test Conditions: Half-Bridge Configuration, Vbus = +/- 35V,
fswitching = J95KHz, finput = 1KHz, Rload = 4 and 8 Ohms
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Efficiency Data

Test Conditions: Half—Bridge Confiquration, Vbus = +/— 35V,
fswitching = 395KHz, finput = 1KHz, Rload = 4 and 8 Ohms
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1
AUDIO AMPLIFIER ASSEMBLY

RELATED APPLICATION

This application 1s based on and claims the benefit of U.S.

Provisional Application No. 60/6135,370, filed Oct. 1, 2004,
entitled 100VN DIGITAL AUDIO MOSFET IRF6665, to

which a claim of priority 1s hereby made and the disclosure of
which 1s incorporated by reference.

BACKGROUND AND SUMMARY OF TH.
INVENTION

L1

The present invention relates to audio amplifiers and more
particularly to class D audio amplifiers.

It 1s known to use power semiconductor devices 1n audio
amplifier circuits. It 1s also well known that the characteristics
of the power semiconductor device used in the amplifier
circuit atfects the performance of the circuit. Yet, in many
amplifier applications, the negative etiects due to the pertor-
mance of the power semiconductor devices are alleviated by
extraneous circuit elements. Such measures lead to the
increase in the cost of the amplifier circuit as well as 1ts
physical size.

Furthermore, the power semiconductor devices used in
prior art circuits as conventionally packaged introduce para-
sitic parameters such as package related parasitic inductance,
resistance, and thermal characteristics.

According to the present invention a power semiconductor
device such as a power MOSFET 1s tuned to be used 1n a class
D amplifier assembly. That 1s, the characteristics of the power
semiconductor device have been optimized for a class D
audio amplifier.

In addition, the power semiconductor device, which has
been tuned for a class D audio amplifier application, 1s dis-
posed 1 a conductive clip and integrated within the amplifier
circuit without the use of wirebonds. It has been found that the
conductive clip can make a package according to the present
invention particularly suitable for class D amplifiers. Specifi-
cally, the use of the conductive clip enhances performance 1n
class D audio amplifier circuits by reducing inductance,
improving switching characteristics and electromagnetic
interference (EMI) rejection. Furthermore, thermal efficiency
resulting from the use of the conductive clip enables 100 W
operation mto 8 ohms without a heatsink. Advantageously,
climinating the heatsink shrinks circuit size and bulk, giving
designers more layout tlexibility. Such a package 1s most
suitable for use 1 medium power class D audio amplifier
where the electrical characteristics, small size and improved
thermal conduction offered by the device result in improved
audio performance factors such as efliciency, EMI, and power
density.

Such a package preferably has an Rg maximum guarantee
for better dead time control, which 1s an 1mportant factor
related to THD performance in class-D amplifiers.

Other features and advantages of the present invention will
become apparent from the following description of the inven-
tion which refers to the accompanying drawings.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1A shows a side plan view of a package according to
the present invention.

FIG. 1B shows a bottom plan view of a package according
to the present invention.
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FIG. 2 shows a cross-sectional view of a package according,
to the present invention along line 2-2, viewed 1n the direction
of the arrows.

FIG. 3 shows a top plan view of a circuit board configured
for recerving the package 1llustrated by FIGS. 1A,1B, and 2.

FIG. 4 illustrates a package configuration according to the
prior art.

FIG. 5A shows a wavelorm for a package according to the
present invention.

FIG. 5B shows a wavetorm for a package according to the
prior art.

FIG. 6 graphically compares the inductance of a package
according to the present invention to the inductance of prior
art packages.

FIG. 7 graphically illustrates the case temperature vs. esti-
mated power loss 1n a package according to the present inven-
tion.

FIG. 8 graphically illustrates the temperature change 1n a
package according to the present invention at different power
levels.

FIG. 9 graphically illustrates the THD values for a package
according to the present invention 1n a half bridge configura-
tion for two different load values.

FIG. 10 graphically 1llustrates the efficiency of a package
according to the present invention 1n a half bridge configura-
tion for two different load values.

FIG. 11 A graphically illustrates the EMI performance of a
package according to the present invention.

FIG. 11B graphically illustrates the EMI performance of a
package according to the prior art.

DETAILED DESCRIPTION OF THE INVENTION

A power assembly according to the present mvention
includes a power semiconductor package having a power
semiconductor die that 1s tuned (1.e. optimized) for class D
audio amplifier applications, and 1s capable of wire-Iree inte-
gration within a class D audio amplifier circuait.

Referring to FIGS. 1A, 1B and 2, a power semiconductor
package 5 suitable for an assembly according to the present
invention includes power semiconductor die 10 that 1s tuned
for class D audio amplification, and electrically conductive
clip 12. Preferably, clip 12 i1s a cup-shaped can, which
includes web portion 14, a surrounding rim portion 16, which
1s spaced from die 10, and at least one projection 18 (and
preferably two oppositely disposed projections 18). Projec-
tion 18 includes a connection surface 20, which 1s readied for
direct electrical and mechanical connection (by a conductive
adhesive such as solder or a conductive epoxy) to a corre-
sponding conductive pad 21 (FIG. 3) of a substrate, such as a
circuit board 19.

Power semiconductor die 10 includes first power electrode
22, which 1s electrically and mechanically connected by a
conductive adhesive 24 (such as solder or a conductive poly-
mer, such as silver loaded epoxy) to the interior surface of
web portion 14 of clip 12. Furthermore, power semiconductor
die 10 includes second power electrode 26 and control elec-
trode 28 each disposed opposite first power electrode 22 and
readied for direct electrical and mechanical connection (for
example, by a conductive adhesive such as solder or a con-
ductive polymer such as silver loaded epoxy) to a respective
conductive pad 27, 23 (FIG. 3) on a substrate such as circuit
board 19. For example, first power electrode 26 and control
clectrode 24 are rendered solderable 11 solder 1s used as a
conductive adhesive.

In the preferred embodiment of the present invention,
power semiconductor die 10 may be a power MOSFET 1n
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which first power electrode 22 1s the drain electrode, second
power electrode 26 1s the source electrode and control elec-
trode 28 1s the gate.

Furthermore, in the preferred embodiment only lead-free
solder 1s used wherever solder 1s used as a conductive adhe-
SIVE.

In addition, mn the preferred embodiment clip 12 1s formed
from copper or a copper alloy, and may be plated with silver
or gold.

Package 3 1s shown in U.S. Pat. No. 6,890,845, and 1s
available from the assignee of the present application under
the trademark DirectFET.

According to an aspect of the present invention package 5
1s integrated with a class D audio amplifier circuit. Specifi-
cally, components of a class D audio amplifier are electrically
connected to clip 12 through connection surface 20 (or con-
nection surfaces 20), and electrically connected to second
power electrode 26 whereby power semiconductor die 10 1s
clectrically integrated with the class D audio amplifier circuit
without the need for wire bonds. As a result, the inductance
resulting from the wire bonds associated with conventional
packages 1s eliminated thereby improving the performance of
the class D audio amplifier.

A power MOSFET used in the preferred embodiment 1s
tuned for class D amplifier applications, which means 1ts key
parameters such as R 5505, Q. Qs,,» and Q,, have been opti-
mized for (preferably mid-power) class D audio amplifier
applications.

Table 1 shows values for key parameters of an example of
a power MOSFET that 1s tuned for class D audio amplifier
applications.

TABLE 1
R psiomy YD
BVpss @10V Vas Ip@T.=25°C.  Qgtyp Qsptyp
(V) (m€2) (V) (A) (nC) (nC)
100 53 20 19 8.4 3.4

Referring to FI1G. 4, a typical conventional semiconductor
package, such as an SO-8 type package, includes wirebonds
30 to electrically connect at least one power electrode of the
power semiconductor die contained therein to an external
lead 32. In addition, a lead 34 may be used to feed electrical
connection to the other power electrode of the semiconductor
device. Leads 32, 34 and wirebonds 30 contribute to the
overall resistance and inductance of the package. Further-
more, the majority of the heat generated by the semiconductor
device can only escape through the leads.

The use of package 5 as set forth herein 1s advantageous in
that: a) 1t does not include wirebonds which results 1n reduced
inductance and resistance; b) clip 12 allows for cooling from
both sides, 1.e. dual sided cooling.

Referring to FIGS. 5A-3B, it can be seen that the induc-
tance related ringing 1n a package 3 1s less than a conventional
SO-8 package under the same test conditions (e.g. 30 A, 500
KHz) and using nearly identical die (1.e. nearly identical
active area, voltage and generation). FIG. 6 shows that pack-
age S can exhibit lower than 1 nH inductance, which 1s far
superior to other known conventional packages. The reduced
ringing results 1in the reduction of EMI which 1s advantageous
in audio amplifier applications, and particularly class D audio
amplifier applications.

Advantageously, due to dual sided cooling, package 5 1s
capable of delivering power up to 100 W per channel into an
8€2 load with no heatsink. FIG. 7 graphically 1llustrates pack-
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4

age S under such conditions. The elimination of a heatsink
reduces cost, and allows for a more compact assembly.

It should be noted that although 1t 1s preferred to omait the
heatsink, a heatsink may be used to improve heat dissipation.
To evaluate the thermal performance of a package 5 with a
heatsink, package 5 was thermally coupled to a heatsink using
three different phase change matenals (A, B, C), and constant
power was applied to package 5 to determine the effect of the
heatsink on the temperature of the package. Table 2 sets forth
the data obtained and FIG. 8 graphically illustrates the rising
of the temperature over time.

TABLE 2

Temperature rise

Plosses™ (° C.) after 5 min
per Mate- Mate- Mate-
Amplifier Conditions device rmalA malB  nal C
12.5 W (18 P into 4 & 8L2) 0.6 22.1 24.8 23.4
100 W into 8€2 1.6 52.7 58.2 55.1
100 W 1nto 4Q2 2.4 77.1 82.8 76.4

*Estimated Plosses (@ worst case scenario

The case temperature (the outer temperature of package 5)
was monitored before and during the application of power
using a thermocouple applied between clip 12 and the heat-
sink.

To assess the performance characteristics of package 5
within a class D audio amplifier, the total harmonic distortion
(THD) performance of a package 5 1n a half bridge configu-
ration was evaluated under the following conditions:

V, =+/-35V

f =395 KHz

switching

t. =1 KHz

IRpUE

R,  ~4£2 and 82

The results are graphically illustrated by FIG. 9.

Also, the efficiency of packages S was evaluated under the
same conditions. The results are shown by FIG. 10. FIGS. 9
and 10 further illustrate that the THD and the efficiency of
package 5 1n half-bridge configuration make the package
ideal for class D audio amplification.

The EMI performance of package 5 1n a half bridge con-
figuration was also compared to a TO-220 package, which 1s
another well known conventional package, using identical
semiconductor die and test conditions. FIGS. 11A, 11B 1illus-
trate the results obtained. To summarize, package 5 1 an
amplifier exhibited approximately 9 dB lower peak, quasi-
peak, and average noise beyond 2 MHz. Under 2 MHz the
background noise was dominant. It should be noted that,
although no shielding was used, the two devices were tested
under the same background conditions. Furthermore, tests
have shown that package 5 in an amplifier shows a cleaner and
faster (approximately three times faster) switching waveform
compared to a TO-220 1n an amplifier.

A package 5 15 also advantageous as 1t may be assembled
within a circuit using conventional techniques. The following
1s an example of a method for assembling package S onto a
circuit board that supports a class D audio amplifier circuat:

Stencil on solder paste on the conductive pads

Pick package 5 and place on solder paste on corresponding,

pads

Re-tlow

Place thermal interface material over packages 5
Place heatsink over thermal interface stack (optional)
Secure heatsink 1n place with screws

Wet out interface between clip 12 and heatsink
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Screw torques reset when assembly has cooled.

Based on the data, 1t 1s clear that using a wire-free package
such as package 5 leads to significant performance improve-
ments 1n a class D audio amplifier.

Although the present invention has been described in rela-
tion to particular embodiments thereof, many other variations
and modifications and other uses will become apparent to
those skilled i the art. It 1s preferred, therefore, that the
present invention be limited not by the specific disclosure
herein, but only by the appended claims.

What 1s claimed 1s:

1. A power assembly comprising:

a package that includes:

a power semiconductor die having R, o5, Q,, Q,,,, and
Q.. tuned for class D audio amplification, said power
semiconductor device including a first power elec-
trode on one surface thereof, a second power elec-
trode and a control electrode on another opposing
surface thereot each readied for direct electrical and
mechanical connection to a respective conductive
pad; and

an electrically conductive clip having an interior surface
clectrically and mechamically attached to said first
power electrode by a conductive adhesive and a con-
nection surface readied for direct electrical and
mechanical connection to a conductive pad, wherein
said package 1s integrated with a class D audio ampli-
fier circuit, whereby components for said class D
audio amplifier circuit are operatively connected to
said clip and said second power electrode of said die
without wirebonds.
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2. The power assembly of claim 1, wherein said power
semiconductor die a power MOSFET.

3. The power assembly of claim 1, wherein said conductive
adhesive 1s solder.

4. The power assembly of claim 3, wherein said solder 1s
lead free.

5. The power assembly of claim 1, wherein said conductive
adhesive 1s a conductive polymer.

6. The power assembly of claim 5, wherein said conductive
polymer 1s a conductive epoxy.

7. The power assembly of claim 1, wherein said clip 1s a
cup-shaped can.

8. The power assembly of claim 1, wherein said clip
includes a web portion, a surrounding rim portion spaced
from said die, and at least one projection extending from said
rim portion, wherein said projection includes said connection
surface.

9. The power assembly of claim 1, wherein said clip 1s
comprised of copper.

10. The power assembly of claim 1, wherein said clip 1s
silver-plated.

11. The power assembly of claim 1, wherein said clip 1s
gold-plated.

12. The power assembly of claim 1, further comprising a
heat sink thermally coupled to said clip.

13. The power assembly of claim 1, wherein said assembly
does not 1include a heatsink.
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